Objective -Health care workers (HCWs) are considered at risk of hepatitis B virus (HBV) infection, but the risk in those who work in paediatric hospitals has received little attention. The primary objective was to assess the prevalence of HBV infection among paediatric HCWs in comparison to those of general hospitals, on the assumption that the former are less exposed due to a lower prevalence in paediatric patients. Methods -Data from a pre-vaccination era were retrieved, and a cross-sectional study conducted in the setting of the vaccination campaign conducted in Latium Region (Italy) to prevent hepatitis B in HCWs. HBsAg and anti-HBsAg were tested in 1,894 HCWs of paediatric and general hospitals (1,178 and 716, respectively). Multiple logistic regression was performed to adjust for confounders related to professional and personal variables. Results -Overall prevalence in HCWs of HBV infection was 16.8% (95% confidence limits, CL: 15.2-18.6). General hospitals carried a significantly higher risk of HBV infection than paediatric hospitals (OR 1.77, 95% CL 1.35-2.31) after adjustment for confounding factors employment, department, working years, recent needle injury, and birth cohort, the latter being the only personal risk factor that added significantly to the effect of professional characteristics. Nurses and physicians were more exposed to needle injury, which was an independent significant risk factor of HBV infection (OR 1.60, 95%CL 1.19-2.14). Conclusions -HCWs of paediatric hospitals are less at risk of HBV infection than general hospitals.
Introduction
Hepatitis B virus (HBV) is a DNA virus, and can take the form of an acute disease, and of a chronic infection that in most subjects is not associated with disease, but in a minority can proceed to cirrhosis and liver cancer (1, 2) . It is considered a leading problem of public health and cause of mortality from infectious disease (3) . to sharp injuries among HCWs (4) . Between 29.3% of HCWs in central Italy (5) and 32.0% in a UK district hospital (6) reported at least one needle injury in the preceding year, and in two paediatric hospitals 5.4-6.5% of HCWs per year were reported in a surveillance setting (7) (8) (9) . Professional risk is directly associated with prevalence of infections among patients (10) , the frequency of the exposure and the probability of transmission. Western Europe is a low prevalence area, particularly for females (<2%), but between 1990 and 2005 an increase was observed (11) while in Central and Eastern Europe children remain the most affected by HBV infection with a prevalence between 4 and 5% (11) .
Italy has an intermediate general prevalence of HBsAg (2-7%) (1): a survey conducted before introduction of vaccination showed an HBsAg prevalence in navy recruits of 3.4% and of any HBV marker of 17.7%, with signs of multiple injections, southern region of residence and low education as the main risk factors (12) . A much lower prevalence of HBsAg -0.4% -was found in Italy in pre-vaccination era in the paediatric age group (13) .
It was our aim to reappraise the serological survey in a population of HCWs in order to elucidate prevalence of HBV infection and the risk factor of exposure to a paediatric population, presumed to carry a lower risk, in comparison of an adult one
Subjects and methods
The data reported here are part of a seroepidemiological survey implemented as a first step of a vaccination campaign, and consequently the design is cross-sectional. The campaign was organized and funded by Regione Lazio, against hepatitis B for at risk subgroups of population: HCWs, newborn of HBsAg-positive mothers, patients on dialysis, sexual partners of HBsAg carriers, and was conducted between 1985 and 1995 (approximately).
The HBV screening of HCW was at the time of the investigation mandatory. A questionnaire was filled for each HCW comprising demographic and employment data, past history of hepatitis, transfusions, major surgery, dental cures (in the last 6 months), needle-stick injuries, aspecific or specific anti-HBV immunoglobulin. A blood sample was tested for HBsAg and anti-HbsAg (ELI-SA radioimmunoassay, Abbott) and alanineaminotransferase (ALT).
Paediatric hospitals were presumed to be at low-risk for HBV transmission and their HCWs were considered as unexposed, whereas HCWs of general hospitals were considered exposed. With a ratio of unexposed/exposed 1.6:1 (1,178 versus 716) we can detect with an alpha of 5% (significance level of 0.05) a difference between a prevalence of 20% in exposed and 10% in unexposed with a power of about 80% (1-beta, that represents a 20% probability to miss a difference as statistically significant).
Setting
The Bambino Gesù Children's Hospital, a 611-beds teaching institution is a referral hospital for child patients from middle and southern Italy. It has been the referral centre for vaccination of newborns and one of the vaccination centres for screening and vaccination of HCWs; it has provided screening and vaccination for its personnel, for another small paediatric hospital with 40 beds, and for two acute-care general hospitals (with 370 and with 323 beds, respectively). All the four hospitals are in Rome.
Screening procedures
Inclusion criteria: all HCWs, comprising: all nurses, all personnel of surgical theatres, all personnel of laboratory, pathology and x-rays departments, blood banks, and all physicians. University graduates with clinical involvement were grouped separately as "Other clinicians". Midwives were included in the category of professional nurses. Dieticians, physiotherapists and other HCWs involved with children's rehabilitation were combined in the category of technicians; the "other" category consisted of social workers, manual skilled workers with access to medical devices, and ambulance drivers. Outpatient clinic includes HCWs devoted to blood sampling for laboratory exams. After completion of the first vaccination campaign the procedure was extended to include student nurses successively enrolled in the Nursing School and to other HCWs who were hired. Student nurses were grouped in the "other" category of hospital department.
Exclusion criteria: any person working in the hospital not as an HCW (e.g. clerk without contact with patients or wards or clinic, personnel of kitchens). HCWs were invited to the vaccination unit for screening. HCWs who tested negative were therefore candidate for vaccination. A "positive" test for antiHBsAg was considered a test with an antiHBsAg titre ≥10 IU/ml. Subjects with an equivocal anti-HBsAg titre between 10 and 19, considered a "positive" test of past infection by HBV were nevertheless considered as candidates for vaccination, because these were more likely to be "false positives"; in addition presence of antibodies was not regarded a contraindication to vaccination. People negative for HBsAg or with anti-HBsAg <20 IU/ml, that was considered potentially not protective were considered eligible for vaccination.
Ethics statement
Data were anonymised and ethical approval was obtained from Ethical Committee of the paediatric hospital.
Statistical analysis
Statistical software STATA (8.0) was used for all analyses. After univariate description of demographic and professional exposures, logistic multiple regression was performed with HBV infection or immunity (HbsAg or anti-HB positive) as the primary outcome of interest . The main exposure of interest was the type of the hospital (general versus paediatric), adjusting for professional and personal characteristics. For the primary outcome, HBV infection, a second, simpler model was fitted.
Results
A total of 1,178 HCWs were screened, 62.2% of whom were from the paediatric hospitals. After the screening 319 infected subjects were excluded from vaccination because of HBsAg or anti-HBsAg positivity (with a titre considered protective. i.e. ≥20 IU).
Major differences existed between HCWs of general and paediatric hospitals: among the former there were fewer student nurses, less personnel in Neonatology Departments, a longer length of employment. In addition, HCWs in general hospitals were more likely to be single, male, older, more exposed to past surgery, transfusions and recent dental care ( Table 1) . As most differences can be connected with different risks of HBV infection all were considered potential confounders.
Yearly incidence of at least one needle injury among HCWs was 23.5%, with no significant difference between paediatric and general hospitals (Table 1) ; HCWs with direct contact with patients' care (nurses and physicians) and surgical environments carried the highest risk (Table 2 ). Only 24.1% of the subjects who reported a history of recent needle injury received anonspecific or specific anti-HBV immunoglobulins. A history of hepatitis B is a poor predictor of serum prevalence of HBV markers: it was elicited only from 9.0% of the HCWs, and of specific history of hepatitis B only from 2.5%, without difference between different hospitals. Abnormal ALT was found in 38 subjects (2.0%), none of whom was HBsAgpositive.
HBV infection
HCWs in general hospitals showed an approximately twofold odds ratio (OR) of a past HBV infection compared with HCWs of the paediatric hospitals (Table 3) . A clear correlation was observed between longer duration of employment and higher prevalence of HBV infection; a similar relationship is shown with birth cohort. Considering the nurses as the base-line group only student nurses showed a significantly lower OR. No major difference was evident among different services of the hospitals (except for the outpatient clinic, where older personnel no longer assigned to night duty is usually allocated). Noticeably this holds true for surgical and laboratory services as well, which are more frequently exposed to blood. Needle injuries in the last year were a significant risk factor for HBV infection. Personal characteristics showed that female sex, higher education, birth in recent decades (younger age) are "protective", whereas being married, past transfusions and major surgery were risk factors of HBV infection. It has, however, to be recognized that these factors are connected with employment. Sex, for example, is connected with employment: only 13.7% of nursing staff are males; conversely, 72.4% of physicians are males, with congruent education levels: two-thirds of HCWs with a university degree are males.
After adjustment for confounders (Table  3) , general hospitals showed a lower and significant OR than in univariate analyses; sig- Table 3 HBV markers in Health care workers by professional characteristics nificant linear increase of OR for each category of longer employment and of birth cohort was confirmed; the effect of employment as physician, outpatient clinic, male sex, high education, being married, past transfusion and surgery was no more evident whereas "other" services were a significant exposure (negative confounding was removed). Fitting of the second, simpler model, eliminating all personal factors except for birth cohort, did not produce any major differences.
Continuation of

Discussion
The present sero-epidemiological study demonstrates that general hospitals carried a significantly higher risk of HBV infection among HCWs than paediatric hospitals after adjustment for potential confounders.
Lower prevalences were found in two surveys of general hospitals of middle Italy at the same prevaccination screening of the present study (33.7% and 23.3%, respectively); significant risk factors were male sex, age, history of dental treatment, blood transfusions, or needlestick injuries, work as surgeons and as nurses (14, 15) . HBsAg and any HBV marker prevalence were distinctly higher in south Italy (4.8% and respectively 42.4%), without significant difference in comparison of workers of an electric plant (16) . Surprisingly, the HBsAg prevalence was found to be lower in Rumanians HCW than in general population (2.1% versus 5.6%) (17), while reached 8.1% in another country of Balkans (18) .
We found a much higher prevalence than in a North-American paediatric hospital (9.6%) (19) . In Toronto 10% of HCWs with frequent blood exposure showed a positive marker versus 2% without, and at the final multivariate analysis the strongest determinant was not the hospital employment but the birth place outside North America/United Kingdom (20) .
Increasing age, male sex, and non-white ethnicity were significantly, independently associated with higher prevalence of antiHBs/anti-HBc in another paediatric hospital, and occupational group, years of work, blood or patient contact, foreign country of birth and education level had no association. Overall prevalence was 12.5% and the comparison with blood donors, excluding HCWs with history of hepatitis, disclosed an higher prevalence only in older physicians (>40 years-old) (21) , and needle injury was confirmed as an independent significant risk factor of HBV infection.
Our results seem to confirm the hypothesis raised by King et al. that a lower risk of HBV infection in paediatric hospitals is due to different patients cared for (21) . Major strengths of the present survey are completeness of the mandatory screening, and same population background risk of HBV infection. The first one eliminates potential selection biases, due to different compliance of differently exposed HCWs, and the second permits an unbiased comparison.
Data on professional and personal risk factors were collected before the outcome (HBV positive markers) was known; the only possible reason for prior knowledge of HBV markers in absence of past history of hepatitis would be occasional finding of abnormal ALT in HBsAg carriers, but none of HBsAgpositive HCWs showed abnormal ALT. So a recall bias can be confidently excluded. Moreover, the screening was conducted in the context of a vaccination campaign, not addressing any specific hypothesis, and also interviewer information bias can be excluded. Moreover, even if our results are gathered in a specific context, they apply in populations not exposed to anti-HBV vaccination and can suggest risk factors potentially useful in a global perspective.
Limitation of study
Some limitations of the study need to be noted. No adjustment for birthplace was possi-ble, an important risk factor for higher HBV infection in the south of Italy (12) . However, there is no reason to assume a difference in geographic origin between HCWs of general and those of paediatric hospitals. Since anti-HBc was not tested, underestimation of HBV infection can be presumed (20, 22) . A comparison of the present study's HBV prevalence (12.5%) can therefore only be made with a similar study in Toronto (7.7%) (21) . However, in the latter study only volunteers were examined (25.7% of HCWs), with possible selection of more conscious HCWs, who can adopt more stringent precautions than non-participants. Storch found exactly the same prevalence as the present survey (12.5%) (22) testing anti-HBs and anti-HBc but not HBsAg.
Another potential concern in our study is misclassification of area of work: HCWs can be allocated to a different area of the hospital, so attributing the HBV infection risk to the final department at the time of the survey, and obscuring the effect of an exposure in the original service. This can bias the OR of the exposure toward null if the chance of changing department is the same whatever the HBV infection status (non-differential misclassification). The only situation that could have resulted in differential misclassification would have been the removal of HBsAg carriers from a high-risk area to a service where exposure of patients is minimized; only seven HCWs with a known history of clinical hepatitis B were potentially infectious (HBsAgpositive), and only two were in "Other services", where they had been placed after reallocation from clinical services, whereas the other five still worked in clinical services. It is unlikely, therefore, that a differential misclassification played a major role in the results of this study. Lastly, the professional risk of infection was confined to needlestick, so omitting other means of injuries from sharp instruments in the laboratories or surgical theaters, like scissors or lancets.
Conclusion
In conclusion, the present survey shows that HCWs of paediatric hospitals are less exposed to HBV infection than those of general hospitals. A unique feature of the study is completeness of enrollment in the screening. Its results can be used to target vaccinal policies in countries without universal vaccination against HBV. In developed countries, where vaccines have gained a wide diffusion, susceptible HCWs can be yet unprotected for incomplete coverage, due to poor individual acceptance.
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